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(54) Apparatus and methods for completing a wellbore 



(57) Apparatus and methods for completing a wefl- 
tiore are disdoeed. Ceftain of the apparatus and meth- 
ods use a first pacldng assembly (202), a second pack- 
ing aaserhbly (204). and a pressurization assembly 
(206) disposed between the firet and aaoond pacldng 
assembliestoplasticanydeformaliner(122)ina(adlally 
outwaiddlracaonvlahydraulicpressure. Another meth- 
od uaas a 8ner (602) having a fifst eection (604) and a 
second section (606). and a packing assembly (600). 
The first section (604) is deformable h a radially outwaid 
direction at a lower pressure than the second section 
(606). Ihe packing assembly (600) is usod to plasticaliy 
dot omn Ihs first section (604) of the liner (602) In a ia(fi- 
ally outward direction via hydraulic pressure. 
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DMcrtption 

{0001 ) Ttio present Invention peitains to the comple- 
tion of wotbof es, and. more particularfy, but noltjy way 
of imitation, to impraved apparatus and methods for 
completing lateral weSboree tn multilateral wells. 
(0002] Horizontal well driUtng and production have t>Q- 
come increasingly important to (ho od industry in recent 
years. While horizontal wells have been known for many 
yoars. only relativety recently have such wells been de- 
termined to be a cost-effective attemative to convention- 
al vertical well drilling. Although drifllng a horizontal wefl 
usually costs more than U vertical counterpart a hori- 
zontal well frequently mproves production by a factor G( 
five, ten, or even twenty In naturaHylractured reser- 
voirs. Generally, projected productivity fhjm a horizontal 
weObore must triple that of a vertlcai weflbore for horv 
zontal drfliing to be economical. This increased produc- 
tion minknizes the nunnber of ptafforms. cutting Invest- 
ment, and operatioo costs. Horizontal drilling makas 
reservoirs in urban aieaa. permafrost zones, and deep 
offshore waters more accessbls. Other appTications for 
horizontal woDbores include periphery watts, thin reser- 
voirs that would require too many vertical wetlboras. and 
resenfotrs with conifig prablems In which a horizontal 
weBbore towers the drawdown pertool of resenrair ex* 
posed to slow down ooning problems. 
p)003) Some weUbores contain multiple welBxxes ex- 
tending laterally from the main weObore. These addition- 
ai lateral weIR)ore$ are sometimes referred to as drain- 
holes, and main wellbores containing more than one lat- 
eral wellbore are refeoed to as mulUlatefal wells. Multi- 
lateral wells aUow an increase in the amount and rate of 
production by increasing the surface area of the well- 
bore in contact with the resen«jir. Thus, multilateral 
weQs are becoming Increasingly important both from 
the standpoint of new drilling operations and from the 
rewortdng of existing wellbores, including remedial and 
stimulation work. 

(0004] As a result of the foregoing increased depend- 
once on and importance of horizontal wells, horizontal 
wen completion, and particularly multilateral well com- 
pletion, have been important concerns and continue to 
provide a host of dimculi problems to oveioome. Lateral 
complotran. partfcularty at the junctksn between the main 
and lateral weBbores. Is extremely important to avoid 
collapse of the weSbora in uneonsoGdated of waaMy 
consolidated fofmalions. Thus, open hole oompletions 
are limited to competent rock formaSkins; and, even 
then, open hole corrpletions are inadequate since there 
is limited control or ability to access (or reenter the lat- 
eral) or to isolate productfao zones within the welB)ore. 
Coupled wdh thb need to complete laterat weObores is 
the growing desire to maintain the lateral weHbore size 
as ctose as possble to the size of the primary vertical 
wellbore for ease of drilltng. completion, and future 
worttover. 

(0005] The problem of tateial weUbora (and partfeu- 



larty rruittilateral woflbore) completion l>as been recog- 
nized for many years, as reflected in the patent Btera- 
ture. For oxarr^le. U.S. Patent No. 4.807,704 disctoses 
a system for completing multiple lateral wellbores using 

s a dual packer and a deflective gukte memtw. U.S. Pat- 
ent 1^. 2.797.893 dtscktses a method tof completing lat- 
eral wens using a floxibte liner and deflecting tool U.S. 
Patent Ho. Z397.070 similarty describes lateral weO- 
bore completion using flexible casing together with a 

10 ctosure shield kxckising off the lateral. In U.S. Patent 
Mo. 2.858.107. a removable whlpstock assembly pro- 
vides a means lor kxating (e.g. accessing) a taleral sub- 
sequent to completkm thereof. U.S. Patent Nos. 
4.396,075: 4.415.205; 4.444.276; and 4,573.541 aO re- 

15 tategeneialy to methods and devices for miilUtalaral 
convlationsusingaterTplata or lube guklehaadL Other 
patents of general interest in the field of horizontal wan 
conptetbn Mude U.& Patent Nos. ^452.920 and 
4.402.551. 

M (0006] More recently. U.S. Patent Ikas. 5.318.122; 
5.353L676; 5,388.648; and 5,520.252 have disctosed 
methods and apparatus for sealing the Juncture be- 
tween a vertical wen and one or more horizontal weUs. 
tn addition. U.S. Patent No. 5.564,503 disck)ses several 

£S methods and systems for drilling and completing multi- 
lateral wells. Furthennore, U.S. Patent Nos. 6.566.763 
and 5.613.559 both disctose decentrafizing. centrallz- 
rig. kxating. and orienting apparatus and methods for 
mulUlateral weO drilling and completkxi. 

30 (0007] Notwithstanding the above-describod eflorts 
toward obtaining cost-eflective and woricabie lateral weB 
drilling and comptet'ons. a need still exists for improved 
apparatus and methods for compleliig tateral weP- 
boros. Toward this end. there also remains a need to 

J5 rtcrease the economy in lateral wellxxe completksns. 
such as, for example, by rrwumizing the nurrtber of 
downhole trips necessary to drill arxJ complete a lateral 
welbore. 

(0006) The Inventton relates to apparatus and meth- 
40 ods for completing a weBbore. In one preferred errfcod- 
iment the apparatus and methods use a first packing as- 
sembly, a second packing assembly, and a pressuriza- 
tton assembly disposed between the first and second 
packhg assenri)fiss to plastically (totorm a finer in a ra- 
4S dialty outward diredkm via hydraulic pressure. Another 
preferred embodiment uses a iner having a first section 
and a second sectkMi. and a packing assembly. The first 
sectkjn is delomiable in a racSally outwanl directkxi at 
a tower pressure than the second sectkm. TYm packing 
so assefrtbly is used to plastteatlydelonn the first sectton 
of the liner in a radially outward (firectton via hydraulfe 
pressure. 

(0009) One aspect of the present nvention comprises 
aconvletkxi apparatus for couplngtoawort( string and 
ss for use within a finer of a wellbore. 1^eoonlpletton ap- 
paratus hdudes a first packing as$en^ for aeating a 
flukt tight seal against a liner in a went)ore; a seoorxl 
packing assembly for aeating a second fkikl tight seal 
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against tho finer; and a pressurization asseihbly db- 
posad botwoen (he first and second packing assenv 
bBesw 

{OOliq In another aspect the present Invention com- 
prises a method ol oompletino a weflboro. A liner Is dis 
posed in a wefibore. A first packing asseoMy. a pras- 
surizatkM assembly, and a second packing assembly 
are coupled to a iMork string. The tMork string is run into 
the finer. A fluM tight seal is created between the first 
packing assembly and the finer, and a fluid tight seal is 
created between the second packing assembly and the 
Oner. Fluid is pumped down the work string to the pres- 
swlZBtion assembly. The presstjrizatkm asserhbiy and 
IhiU are utifized to pressurize an annulus defined by the 
pressurtEaton asserrtbly. the liner, the first packing as- 
•ambly. and the second packing assembly. The pres- 
sure fci tM annukis Is Increased so as todefomi tho finer 
in a ladraOy outward direction. 
[0011] In a further aspect the present invention ocm* 
prises a method of completing a weltxxe. A finer is pco- 
vktod having a first eectkan and a second sectkm. The 
first sectkm is delormable tn a radially outward dtrectkm 
at a k>wer pressure than the second sectkin. The lirter 
is disposed in a weHbore. Apacking assembly Is coupled 
to a work string, and the work string » run into the linec 
A fluid tight seal is created between the packing assem* 
bfy and the liner. FMd is pumped down the work string 
to pressurize an Interkx of the liner after the packing as* 
sembly. The pressure in the interior of the finer is in- 
creased so as to deform the first section of ttie liner in 
a radially outward direction. 
{0012] Reference is now made to the acoompanykig 
drawings, in whicfiz 



FIQ. 1 is a schematic, ooss-sectional view of a por- 
tion of a muUlatefal welt kichiding a jundkm be- 
tween the main weUbore and a lateral weUbore; 
FIG. 2 is a achematc. crD86-sectk)nal view of FIG. 
1 showing a portkxi of the sealing opeiatton per- 
fonned during completkm of the latetal weltoore; 
FIG. 3 is an enlarged, schematic. cross-sectionaL 
fragmentary view of the junctkm of FIG. 1 showng 
a schematc view of a first embodiment of an appa- 
ratus for completing the junctkn according to the 
present Inventkm; 

FIG. 4 Is an enlarged, schematic, cross-eectiorul 
view of a first embodiment of a packing assembly 
of the completion apparatus of FIG. 3; 
RQ. 5 is an enlarged, schematic. cross-^ectkxiaL 
view of a second embodiment of a packing assem- 
bly of the completton apparatus of FIG. 3: 
RG. 6 is an enlarged, schematic, cross-eectkjnal 
view of a pressurizatkxi assembly of the completwn 
apparatus of RG. 3; 

RQ. 7 is an enlarged, schematic, top sectional view 
of an alternative embedment of a lateral liner used 
in connection with the present inventkin; 
FIG. 8 is an enlarged, schematic, cross-sectkxiat. 



fragmentary view ^ the juncton of RG. 1 showing 
a schematic view of a second embodknent of a 
packing assembly and a liner for oomplaling the 
junctkxi according to the present inventksn: 
s FIG. 9A is an enlarged, schematic cross-sectkjnal, 
fragmentary view a first emtxxliment of the iiner of 
F1G.8; 

RG. 98 is an enlarged, schematic, cfoss-eectional, 
fragmentary view of a secortd embodiment of the 
finerofRG.e:and 

RG. 10 is an enlarged, schematic, top sectional 
viewof a second alternative embodiment of a lateral 
finer used in connection with the present invention. 



'5 [0013] The preferred embodinwou of the present in- 
verrt cn and their adt^tages are best understood by ra- 
ferrlog to ROS. 1-10 of the drawings. ISce numerals be- 
fig used fcx like arxJ corresponding parts g< the various 
drawings, tn accordance with the present invention, var- 
kMis apparatus and methods for completing lateral well- 
bores in a muttllatefal weB are de8crt>ed. It wfil be ap- 
preciated that the terms 'main* or 'pm^tf as used 
herein refer to a main well or weitbore. whether the main 
well or weUbore is substantially vertk:aL substantiaily 

^ horizontal, or in between. It wiB also be appreciated that 
the tenn lateraT as used herein refers to a deviation 
well or weObore from the main well or woflbore, or an- 
other lateial well or wellboro. whether the deviatksn is 
substantially vertical. substanliaOy horizontal, or in be* 

M twaen.lt wilt further be appreciated that the term *veitl- 
car as used herein refers to a substarAially veitk»l well 
or walbore. and that the term "honzontaT as used here- 
in refers to a subatantiaBy horizontal weQ or wellbofo. 
(0014] IntheoveraUpfOcessofdrflBngandoompleting 

9S a btefalweBbore in a multilaieral well, tftofoltowing gen- 
eral steps are performed. First, the main weBbora is 
drilled, and the main weHbore casing Is installed and ce- 
mented IrYto place. Once the desired k)catnn for a junc- 
tkxi is identffiedi a window is then created in the main 

40 weltxxe casing using an orientation devce. a multilat- 
eral packer, a hollow whipstock, and a series of mills. 
Next, the lateral wellbore is drifled. and a finer is dis- 
posed In the lateral welBx>re and cemented into place. 
A mia Is then used to drQI through any cement plug at 

4S the top of the hotkjw whipstock and any portkxi of the 
lateral welbore liner extencfing into the main wenbora to 
reestablish a flukj communicating bore through ttie main 
welbore. Finally, in some lateral weHbores, a window 
bushing is disposed within the main weHbore casing, the 

so hoOow whipstock. and the nnittilateral packet. The win- 
dow bushing f acditates the navigatton of downhole tools 
through the functkxi between the main weltbore and the 
laterai wBlbore. 

[0015] The present inventkx) is related to a portkxiof 
ss the abova^iescrfoed process. nameV the oomplatkxi of 
the |unctk« between Ihe main wePbore and a lateral 
welftxve. However, as descnbed above, certain other 
steps are pedormed betore sucha junctkxi may be oom- 



3 



5 



EP0937861 A2 



6 



pletod.Ro(eninonowtoFlG. 1, an exemplary junction 
100 between a fnainweObore 102 and a lateral iwelBjore 
104 is iOustiated Ktein welbore 102 is driHod usingoon- 
ventiondl techniques. A main weObore casing 106 is in- 
stalied in main vveOboro 102. and cement 106 is dis- 
posed between main welibore 102 and main weUbore 
casing 106. using conventional techniques. 
[0016] Asheafabte!*(Ofk8lrin9havmgawindowbush- 
kig locating profile 110. an oneotalion nipple 1 1 2. a mul- 
tibteral packer asserrtty 114. a hoOow wtupslock 116. 
and a starter mifl pilot lug (not shown) is run into main 
weObcre casing 106. Certain poftions of such a work 
strfcig are more fuDy disckjsed in U.S. Patent Nos. 
5.613^559: 5^,763; and 5.501.281. The work string 
Is located at ttie piopec depth and orientatkm within main 
weBboro casing 106 using conventionat pipe taQy and^ 
or ganvna ray sunrays for depth and measurement whBe 
driRhg (MWD) orientalton lor azimuth. Packer assembly 
114 is set against main wellxye casing 106 using slips, 
packing elements, and conventkxwl hydraulic, mochan- 
k^al or hydraulk: and mechanteal sotting technk?ues. 
[0017] Using techniques more completely descrl>ed 
in the above-referenced U.S. Patent Noe. 5.613.559; 
5.566.763; and 5.501.281. whipstock 118 is used to 
guWe wock strings supporting a variety cA tools and 
equipment to drffl and complete lateral weO bore 104, 
First, a series of mifts. such as a Starter inilt. a window 
mill, and a watemneton mill are used to aeate a window 
1 20 h main welbore casing 106. Next, a drilling motor 
is used to drifi lateral welbore 104from window 120. A 
latefBl weflbore Sner 122 is then disposed within lateral 
welbore 104. and sealant 124 Is disposed between lat- 
eral wetlbae 104 and finer 122. 
[0016} More spedBcany wganftig •tof^ ^dis- 
posing and soafing liner 122. tiner122pref6ntf>lyha8a 
generally cySndrical axial bore and a generally cylindri- 
cal external surface. Uner 122 Is pfoferably made (torn 
eteel, 8ieelaltoys.plastfc. or other materials corwention- 
alty used lor lateral liners. A work string 128 having a 
Hner hanger 130, wiper plugs 132 and 1 33. and liner 122 
is nm down main welibore casing 106 until Kner 122 is 
deflected by hoitow whipstock 1 18. This deflectkm caus- 
es liner 122 to be deposed In lateral welibore 104 and 
junctkxi 100. tJner hanger 130 and wiper plugs 132 and 
133 remak) disposed above window 120. Uner hanger 
130 to then set against main welibore casing 106 using 
oonventknal technk|ues. 

[0019] Ref eoing to FIGS. 1 and 2, cementing d lateral 
weBbore 104 may be aocompGshed by either one or two- 
stage cementing depending on the length o! welibore 
104. Typically, the length of lateral weUboro 104 is such 
that t¥vo stage cementing is prefened. In a Iwo^tago 
cementing operation, finer 122 is equipped with a stage 
cementk^g tool 13a Stage cornenting tool 1 38 is initially 
in a first positksn that anows lluW oommunfcatkan within 
Iner 122 past tool 138. but does not anowfluWcommu- 
nxratkxi from liner 122 into the annukis between Kner 
122 and lateral walBxve 104. A first stage ol cement 



124a is punx>ed down driQ string 128 and out a tower 
end l36of l«or 122. First stage of cement 124a Is pref- 
erably a conventtonal cement or oonventkxwl haidona- 
ble resin. Next, a conventtonal wiper dart (not shown) is 

s purr^od down driD string 128 k> land at wiper plugs 132 
and 133. After landng. applied pressure releases wiper 
plug 132 and altows it to be pumped down to. arvJ seal 
off. tower end 1 36of liner 122. The displacement of wip- 
er plug 132 causes first stage of cement 124a to flow 
throu^KXft the annulus between liner 122 and lateral 
welibore 104 up to stage cementing tool 138. An in- 
crease in pressure may be observed lop hole by con- 
venttonal pressure measurhg devices upon the landhg 
of wiper plug 132 in tower end 136. 

'5 (0020] Continued application of pressure moves 
stage cementing tool 138 to a second position that pre- 
vents nu to communtoatton wttUn Kner 1 22 past stage ce- 
meriting tool 138. but altows fluid communicatjon from 
liner 122 into the annulus between frmr 122 and lateral 

io welbore 104. A second stage of sealant 1245 Is then 
pumped down drill string 128 and vito Kner 122. Nexta 
socond wiper dart (not shown) is pumped down drill 
string 1 28 to land at wiper plug 1 33. After landiig. ap- 
pUed pressure retoases wiper plug 133 and aOows it lo 

25 be pumped down to. and seal off. liner 122 at stage ce- 
menting tool 138. This displacement gI wtper plug 133 
causes second stage ol sealant 124b lo flow ttuous^ 
stage cementing tool 138 and Into the annulua between 
taterat weQbore 104. main welibore casing 106. and Gher 

90 I22uptoatoppor1ton134alllner122.positk3ningseal- 
anl 124b throughout junctton 100. Once wiper plug 133 
lands at stagecementing tool 138. continued eppltoation 
of pressure moves stage cementing tool 138 to a third 
positton. preventing further drcolatton or backftow o4 

9S 6ealBmi24b. 

[9021] Sealant 124b is preferably a specialized mul- 
tilateral iunctkjn cemenUtious sealant, or a specialtred 
multilateral Junctton elastomeric sealant A preferred ex- 
anv)le of such a cementittous sealant is M-SEAL6 soto 

40 by Halliburton Energy Servtoes of CanolRon. Texas. 
Such cementittous sealants are characterized by rela- 
tively tow ductility and high compressive strength, as 
corr^red to such elastomeric sealants. A prefened ex- 
an^ of such an elastomeric sealant is FLEX-CEM6 

4$ sow by Halllbuiton Energy Seivtoes Of Canollton. Tex- 
as. Such elastomeric sealants are charaderized by rel- 
atively high ductflity and tow compressive st^engt^ as 
coTTYMtfed to such cementittous sealants. Alternatively^ 
conventional cement or a conventtonal hardenabto resin 

60 may be used as second stage sealant 124b. 

[0(02] Ref ening now to RG. 3. an ertlarged. schemat- 
ic, cross-eecttonal view of a oomptotton apparatus 200 
according toa first, preferred embodimenlol theprasent 
hventton is shown dispoeed within junctton 100. Com- 
SB ptotton apparatus 200 preferably comprises a hoitow 
mandrel having a tower packing asserribly 202. an upp^ 
packing assembly 204, and a pressurizatton assemb^ 
206. Completton apparatus 200 b preferablty coupled to 
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¥wxkfttfing 128 above a supporting mandrel 140 tor wip- 
er plugs 1 32 and 1 33. endlovwer packing asMOibly 202. 
upper packing assembly 204. and preseuiizaUon as- 
sembly 206 are prsferably ooapled lo each other by tool 
jobits or other oonventionat means (not shown). Al- 
thou^ not shown in FtGS. 1 and 2 for clarity of lllustra- 
tkaa ^ot 1 22 is preferably fomied with ano-go shouUer 
142 and an annular polished bore receptacle 144 below 
no-go shoulder 142. 

p)023] As shown tnRGS. 3 and 4. lower packing as- 
aembly 202 prelerabty includes a seal assembly 205, 
and a no^ sleeve 207 tor mating wSth shotAtor 
1 42 of iner 1 22. Seal asseiflbly 205 preferably oomprls- 
as a plurafty of annular seaTng etements 206. such 88 
comwittonalo-ftngs or packing devioes. arid an annular 
epaoer meirtber 210. both of «4iich are dispoead within 
«i amuiar recess 212 on the external suface of tower 
pacUng assembly 202. Sealing elemento 206 frktionany 
engage poHshed bore receptade 144. whtoh Is tocated 
on the inner diameter of finer 122 and generaSy sur- 
rounds annular recess 212. PoGshed bore receptacle 
144 cooperates with annular sealing elements 208 to 
create a flukMight seal 

[0024] Alternatively, as shovwi in FIGS. 3 and 5. tower 
packing assembly 202 may comprise a conventtonal 
packer 220 having sHps 222. packing etements 224. and 
actuating means 226. Packer 220 may be hydrauBcalfy. 
mechanlcany. or hydmulkaDy and mechantoaOy set via 
actuatng means 226 so that packing etements 224 cre- 
ate a fluM tiQ^t seal agahst finer 122. As shown in RG. 
5. when conventional packer 220 is used lor tower pack- 
ing asserrbly 202. finer 1 22 may be formed without no- 
go shoidder 142. if desired. 

{0025) Upper packing assembly 204 preferably has a 
substantially similar stnicture to tower pacidno assem* 
bly20Z Useal assembly 205 is utilized tor tower packing 
assembly 202. upper packing asserrtWy 204 preferably 
utlSzes a similar seat assen^ that mates with a pol- 
ished bore receptacle tocated on the inner diameter of 
liner 1 22 betow finer hanger 1 30. If packer 220 Is used 
for tower packing assembly 202. upper packing assem- 
bly 204 preferably utilizes a similar padter deaignod to 
qMiate within the inner diameter of liner 1 22 praidmata 
liner hanger 1 30. However, as shown in FIG. 3. upper 
packing assenrtbly 204 does not require a n&^fltoeve. 
P026| Referring now to ROS. 3 and 6. an enlarged, 
achamaiie. ctoss-eedtonal view of presstirlzatton as- 
eerrtbly 206 is illustrated. fVessurizalton assembly 206 
preferably comprises an a tower sub 250. an upper ei^ 
252 removably coupled to tower sub 250. and a sealing 
eub 254 dispoMd within tower sub 2S0. 
|0027| Lower sUb 250 preferably ndudes internally 
threaded ports 256a and 256b that provide a fluto com- 
nnmicating path between an axial bore 258 of tower eub 
250 and an ttVHfhje 146 (FIG. 3) defined by an external 
eufface 260 of pressurization assembly 206. an Intemal 
surface of finer 122. tower packing assembly 202. and 
upper packing assembly 204. Conventtonal njpture 



disks 262a and 262b are preferably rsmovably con- 
tained n ports 256e and 256b. respedwely. When con- 
tained to ports 256a and 2S6b. rupture disks 262a and 
262b createa (luto ti^ seal between the totertor of pres- 

5 surizalnn assembly 206 and annulus 146. A preferred 
nipture disk tor rupture disks 262b and 262b is the disk 
sokJ by Oklahoma Safety Equipment Company (OS- 
ECO) of Broken Arrows Oklahoma. 
[0028] Atlhou^ not shown to RG. 6. other oonven- 

10 tional flukl bypass devices other than a rupture disk, 
such as a bal drop drculattog valve, an Intemal pres- 
sure operated ckculating valve, or other conventtonal 
circulating vaVe may be operatively coupled with ports 
2S6a and 2S6b. A preferred intemal pressure operated 

IS circulatingvalveisthelPOCiPCutatingVhlvesotobyHal- 
liburton Energy Services of Canollloa Texas. All of 
Ihese flukJ bypass devtoes. toctoding niiture (fisks 262a 
and a62b. have a first mode of operalton ttwl does not 
aOow flukJ to now through ports 256a and 2S6b Into an- 

20 nutps 146. ttvJ a second mode of operatton that altows 
nukl to ftow Ihrou0i ports 2S6a and 256b into annulus 
146. 

[0029] tjower sub 250 also preferably includes ports 
264a and 264b. Each of ports 264a and 264b piwkJe a 
25 flukJ conwiunicattog path between the toterior of pres- 
surization assembly 206 and armukis 146. Axial bore 
258 preferably has an annular shoutoer 265 and threads 
267 disposed above ports 264a and 264b. 
[0030] Seaing sub 254 preferably includes an annu- 
30 ^supporting member 266 and an annular, elastomeric 
sleeve 268 coupled to a k>wer end of supporting mem- 
ber 266. Sleeve 268 is preferably adhesively couptod to 
supporting member 266 atong a poftton 270 and shoul- 
dsr 272 of support member 266. When coupled togeth- 
» ar.8upportng member 266 and sleeve 268 deline an 
axlat bore 274 md an external suifaoe 276. External 
surface 276 has an annular recess 278 proximate ports 
264a and 264b:aBhoutoer 280 for mattog with shouMer 
265 ol tower sub 250. and an annular stot 282 above 
40 annuter recess 278. An 284 Is tfsposed in stot 
282 and creates a fluto tight seal between sealing sub 
254 and tower sub 25a In ks undeftoded poeition. as 
shown to RG. 6, a tower end 286 G« sleeve 268 creates 
a ftokS tight seal against axial bore 258 of tower sub 250. 
45 IP031] Upper sub 252 preferably Includes an axial 
bore 288, m external eu rf ace 290. and a tower end 292. 
Exlemal surface 290 pr^erably includes an annular 
shoulder 294 for mating with tower sub 250. an annular 
stot 296. Old threads 298 for remtjvably engaging 
SO threads 267 of tower sub 250. An o-ring 300 is disposed 
witNn annular stot 296 to create a fluto tight eeal be- 
tween kTwer sub 250 and upper sub 2SZ Lower end 292 
abuts support member 266 of seating sub 254. 
[0032] Having descrtoed the etnicturo of oompletton 
ss apparatus 200. the operation of completion apparatus 
200 so as tooomptete junctkx> 1 00 wiB nowbe described 
n greater detail Aef errtog to RGS. 1 -6 in combination, 
after wiper ptog 133 is landed al and seals off. stage 
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cem8ntin9tool138.Morkfiti1ng I28tepunodabcvotop 
portion 134 linor 122. Excess sealant within work 
strino 1 28 and above top portion 1 34 or 6nerl22 is then 
circulated out o( the weO. 

[0033] Nsxt work string 128 is run into liner 122 until 
no^ sleeve 207 of kr/tor packing assernbly 202 con- 
tacts no-go shoukler 142 ol liner 122. At this point, a 
fluid tight seal is created t)etwoen seal assemt>ly 205 of 
tower packing assembly 202 and polished bore recep- 
tacle 144 of Bner 12Z Attemative}/. If packer 220 is uti- 
lized as tower packing asseinbty 202. packer 220 Is set 
to create a fluid light seal against finer 1 22. Also at this 
point, a flukJ tig^ seal b created between upper packing 
assembly 204 and liner 122 in a mamer substantially 
simibr to that de8crt>ed immodtetely above for tower 
packing assembly 202. r4oip shoutoer 1 42 of liner 1 22 
is positkxwd within tateral welbore 104 ao that tower 
packing assembly 202 is located betow window 120. 
and so that upper packing assembly 204 Is tocated 
above window 120. wtlhin Junctton 100. 
[0034] When tower packing assembly 202 arvi upper 
packing assembly 204 tise seal assemblies 205, the 
pressure on the drilfing mud, water, or other flukJ already 
within annuhjs 146 wlQ faicreaso as tower packing as- 
sembly 202 and upper packing assembly 204 seal 
against Oner 1 22. Betore no-go sleeve 207 engages no- 
go shoutoer 1 42. 6uch an increase in preasure. appfied 
across the dMerential areas of lower packing assembly 
202 arid upper packing assembly 204. may cause a hy- 
draulic tock effect preventing further insertion of work 
string 1 28 into liner 1 22. Inaddition. when tower packing 
assembly 202 and upper packing assembly 204 use 
conventtonal packere 220. a similar hydraulic tock eflect 
may create problems tor conventionai packers 220 that 
emptoy a downward setting rrioUon. 
[0095] However, such an increase in pressure is re- 
lieved by sealing sub 254 of pressurization assembly 
206 h the lolkswing manner. Due to the increase In pres- 
sure, fluid enters ports 264a and 264b to the pomt where 
It nils annular recess 278. The pressure in annular re- 
cess 278 builds to the point where tower end 286 of elas- 
tomeito sleeve 268 temporarBy deflects inwardly, un- 
sealhg from axial bore 258 of tower sub 250. Such un- 
sealing altows fluid to flow from annular recess 278 into 
the intertor of pressurizatton assembly 206. reducing the 
pressure in annulus 146 and eliminating the abave<Se- 
8crt>ed hydraulic lock problems. 
[0^36] Next, a fluto tight seal is created pfoximale the 
end of work string 128 betow tower pactong assembly 
202. Such a fluto tight seal is preferably formed using a 
wire-fine plug, by pumpingaplug down wortc string 128. 
or other conventtonal technk^ues. Aprefeired ptog is the 
X-Lockd Plug sou by Hallburton Energy Senrices of 
Canoltton. Texas. 

[0037] Next, a fluki such as water or drilling mud is 
. pumped down work string 1 28. Due to the flukJ tight eoal 
created by the plug at the end work string 128. the pres- 
sure within pressurizatton assembly 206 is increased to 



the point wt)ore nipture disks 262a and 262b rupture. 
The rupturing of njpture disks 262a and 262b places the 
intenor of pressurizatton assen^bly 206 In ftuto oonwnu- 
nicatton with annulus 146 via ports 2S6a and 256b. Al- 
5 tematively. if a fluid bypass device other than mpture 
disks are utilized, such pressurization causes the fluid 
bypass device to enter Its second mode of operation tt\at 
altows fluto to flow through ports 256a and 256b to an- 
nulus 146. 

to [0036] Next, the pressure within work string 120. and 
Ihus annulus 146. is preferably continuousty and grad- 
uaBy Increased so as to ptasticaDy detorm the portton of 
finer 122 between lower packing assembly 202 and vp- 
per packing assenr^ly 204 radially outward towaid win- 

is dowl 20. n^welbore casing 106y and tateralwBlbore 
104. It Witt be appreciated thai a a cementitious sealant 
or conventtonal cement is tised tor aeatant 124 pioxl- 
mate junction 100. such deformatton of finer 122 must 
occur before the cementlttous sealant or cement hard- 

20 ens.However.llanela8tomerto8ealantlsused(or8eal- 
ant 124 proximate Junetton 100, such deformatton may 
occur before, or after, the elastomerto sealant hardens 
due to the ductility of the sealant 
(0039) Such deformatton of liner 122 provtoesslgnir- 

25 icant advantages in the comptetton of junction 100. First 
as liner 122 Is deformed radially outward, sealant 124 
k\ the portion of the annulus t>etween liner 122. main 
weltxxs casing 106. and lateral wellbora 104 within 
junctfon 100 is placed in oompresston. Such compres- 

30 sion provtoes a higher pressure rating for junction 100 
during subsequent completton or production operattons 
in the multilaleral well 

(0040] Second, because window 120 is defined by the 
htersection of cylindrical main wellbore casing 106 and 

3S generafiy cylindncal lateral wenbore 104, window 120 
has a generally eO^toal shape, with a major axis gen- 
erally paranel to the tongitudinal ax» of main wetfoore 
casing 106. Therefore, the outward deformatton o* liner 
1 22 works to ctose the joints or gaps between liner 1 22 

40 and window 120 present at the top and bottom of win- 
dow 1 20. Such joint ctosure in turn minimizes leak paths, 
and thus leaks, within junction 100. In situattons where 
the outward defonnation of liner 122 may resull in metal 
to metal contact of liner 122 and window 120. it is prel- 

45 erabie to use a rainfocced liner 122 to insure that anf 
lagged or sharp edges on window 120 donolpieice liner 

122. 

(0041] Third, the outward defonnatfonclliner 122 in- 
creases the inner diameter of Dnerl 22. This increase in 

50 -■iner<fiameterresultsinalargerftowpalhforpetrotoum 
from lateral welbore 1 04. increasing the productivity d 
the well. This increase in inner cfiameter also results in 
a brger dearance for downhoto tools to enter and exit 
bteral weBbore 104 during subsequent oompletton or 

ss produclton operattons. 

(00421 n will be appreciated that after Hner 122 has 
been defomted radially outward via hydrauTc pressure 
as descrftied hereinabove, a second work string with a 
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sizing mandrel may optionafiy be run down main woU- 
bora caa'tng 106 end through function 100 to insure ad- 
equate deformation of liner 122. 
(0043) Referring now to FIG. 7. an enlarged, schemat- 
ic, top sectional view o( an alternate lateral liner I22a 
that may t>e used in cormeclion with completion appa- 
- ratus 200 is iOustrated. Lateral liner 1 22a is formed with 
a grooved internal surface SCO and a grooved external 
surlaco 502. Liner 1 22a thus pref erab V has a cfoss-sec- 
tion 504 resembling a beilowa. The geomeuy of grooved 
surfaces 500 and 502 f actlitate the outward deformation 
of nner 122a at tower pressures. A tower pressure re- 
quirenDent for the outward deformation of liner 1228 in 
turn reduces the risk of failure of the seals created .by 
tower packing assembly 202 and upper packing assem- 
bly 204. In addition, as compared to a fawr wfth o geiv 
eially cyOndrlcel cross-section. Bner 122a prevWes a 
targen expanded outer diameter from a smaOer^ unde- 
fomwd. nm in outer diameter. As shown In FIQ. 7, 
grooved surfaces SOO and 502 prefeiabty compilse 
grooves having a 'sinueotoal' croee-eedkm. However, 
grooved surfSaoes SOO and 502 may alternatively com- 
prise grooves having a *saw tooth*, "equare tooth', or 
other crose-eecttonal geometry. In addrion. preferably 
only the portton of liner 1 22a between tower packing as- 
sembly 202 and upper packing assembly 204 is formed 
with grooved external surface 502. and the remainder 
of liner 1 22a is formed with a generally cylindrical exter- 
nal surface. 

[0044] Referring now to FIG. 8. an enlarged, schemat- 
ic, cross-sectional, view of a packing assembly 600 and 
a I'ner 602 according to a second, preferred embodi- 
ment of the present inventton are shown dispoead within 
junctksn 100. Packing assembly 600 Is preferably cou- 
pled to work string 12B above suppofUng mandrel 140. 
and packing assent 600 pref erabfy has a substantial- 
ly kJentica] stnjcture to upper pacWrig assembly 204 of 
completion appamtus 200. Unor 602 Is preferably com- 
prised of an upper sectton 604. a tower section 606, and 
a tool Joint or other conventtonai coupling mechanism 
608 coupling upper sectton 604 and tower sectton 606. 
Altematively. liner 602 can be machined to have upper 
sectton 604 and tower sectton 606. without the need for 
a coupling mechanism 608. 
[00451 II seal assembly 205 Is utilized lor packing as- 
sembly 600. finer 602 preferably Inehides a poSshed 
bore receptacto 610 tocated on the Inner diameter of lin- 
er 602 betow finer hanger 130. If packer 220 is used for 
packing assembly 600. polished bore receptacle 610 
may be eliminated, if desired. 
[0046] As shown in FIG. 9A, upper section 604 and 
tower sectton 606 are made from the same material or 
casing grade. By way of inustratton only, both upper sec- 
tton 604 and tower sectton 606 may be made or casing 
grade API rf60. whtoh has a ytoto strength of approxi- 
mately 80,000 psi (552 MPa). Upper sectton 604 pref- 
erably has a generally cylindrical axial t)ore 610 and a 
generally cylindrical external surface 61 2. Lower section 



606 preferably has a generally cylindrKal axial bore 61 4 
a geoemOy cyfindricai external surface 616. However. 
^}per sectton 604 has a wan thickness 61 8 smaller than 
a wafl thk^kness 620 of tower sectton 606. 

5 [0047] As shown in RG.9B. upper sectton 604a pref- 
erably has a generaOy cylindrical axial bore 610a and a 
generally cylindrical external surface 612a. Lower sec- 
tton 606a has a generally cyBndrlcat axial bore 614a a 
generally cyfindricai external surface 616a. Upper sec- 

to tion 604a has a waO thickness 61Ba sutMtantis^ iden- 
tical to a wan thickness 620a of tower section 606a 
However, upper eectton 604a and tower sectton 606a 
are made from cfiflerent materials or casing grades. 
More specffically. war sectton 604a is made from a 

IS material or casing gnide having a tower yield strength 
than ttie matefialor caaing gnde of tower sectton 606& 
By way of iOustration only, upper sectton 604a may be 
made from casing grade API K 55. whtoh has a yieto 
strength of appiQodmately 55.000 psi (379 MPa). and 

£0 tower sectton 606a may be made of casing grade APK 
N-eO. whtoh has a yieto strength of approximately 
60.000 psi (552 MPa). 

{00461 In HG. 9A, upper sectkxi 604 may also be 
made from a casing grade having a tower yioW strength 

zs that the casing grade used to malte tower soctton 606. 
Although not sho¥wi in RG. 9B, upper section 604a may 
also be formed with a smaller wall thickness 61 8a than 
wall thickiiess 620a of lower section 606a. 
[0049] It is believed that by varying the wafl thickness 

30 and/or casing grade Of upper section 604 relative to the 
wall thickness andtor casing grade of tower sectton 606. 
as descrbed hereiiabove. the design of liner 602 may 
be optimized so that for a given internal pressure, upper 
sectton 604 plasttoally defomw in a radially outward di- 

3S recttoaarxJ tower sectton 606 does not eidiiba substan- 
tial radial deformation. 

[0050] Having described the stnjcture of packing as- 
sembly 600 and Bner 602. the operatton of these appa- 
ratus so astocomptote junctton 100 wiU now be de- 

40 scribedtogreaterdetaiLReferringloFIQS. 1,2,4.5.8. 
9 A and 9B In combination, after wiper plug 1 33 Is land- 
ed at, and seals 00. stage cementing tool 138. work 
strtog 128 is pultod above tap portion 134 of Nner 602. 
Excess seabm within work string 128 and above lop 

45 poitton134afliRer602l8thendrculatedoutoflhewen. 
fOOSI] Next,woi1c8trtotf128tonjnintofinerG02until 
seal assentbly 205 of packing assembly 600 creates a 
fluid tight eeal against polished bore receptacto 610 of 
finer 602. An increase to pressure may be obsenred top 

so hoto by convenltonal pressure measuring dovtoos when 
seal assembly 205 Is properiy eeated against polished 
bore receptacto 610. Alternatively. 9 packer 220 is uti- 
fized as packing assembly 600. packer 2:^ is set to cre- 
ate a fluki tifi^ seal ag^nst Kner 602 betow finer hanger 

« 130. 

[0052] Next, a fluid such as water or driQing mud is 
pumped down work string 1 28. Due to the fluto tight seal 
created by packtog assembly 600 against finer 602, fluid 
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womuaDy fills all of faw 602 bolow packino assofnbly 
600 down to wiper plug 133eoaledinsta9ocemanling 
tool 138. The pressure within woffc string 128. and thus 
Iner 60^ is preferably continooosly and graduaOy in- 
creased 60 as to plastically deform upper section 604 
radiaBy outward toward window 1 20, the portion of inain 
welttMre cas Ing 1 06 proxinatd window 1 20. and the por- 
tion ol lateral wefitMre 104 proximato window 120. As 
the defbonation of upper section 604 occurs, lower sec- 
tion 606 pre(afat)ly does not exhfiMt sutwtantial racSal 
deformation. 

[0053] Such defomtatioh ol upper section 604 pio- 
vides sutistantially 0ie same, significant advantages in 
the oonfileUan d junction 100 as descril)ed heretn- 
above far completion apparatus 200. m adcfition. upper 
section 604 may be fofmed with an external surface 6 1 2 
simttar to gioowid external surface 502 d RQ. 7. tf de- 
siredL 

10064] RaferrInQ now to no. 10. an enlarged, sche- 
matic, top sectional view of an alemat e lateral liner 700 
that may be used in connection with completion appa- 
ratus 200, or in the upper section 604 of linor GOZ Is 
illustrated. Uner 700 has an interior cross-section 702 
made from steel, steel alloys, plastic, or other generally 
noo-elastomeric materials conventionally used for later- 
al liners. Interior cross-section 702 has an axial bore 
704. Uter 700 further has an exterior cross-section 706 
made from nibt)er or another conventional etastomeric 
material When liner 700 is surrounded by sealant 124 
and ptasticaJly deformed as described hereinabove, ex- 
terior cross-section 706 insures an adequate seal of 
junction 100. Alternatively, liner 700 may be plastically 
deformed as de8crft>ed hereinabove but without ttie use 
of sealant 124 In certain compietioos. In such comple- 
tions, exterior cross-eection 706 ilseS eealft against win- 
dow 120. mah weUborecasing 106, and tateral wefibore 
104. 

(005S] From the above, one skilled in the art wifl ap- 
predate that the present invention provides inpraved 
apparatus and methods for completing wetlborBs. The 
present invention provides such improved connpletion 
without inhibiting the amount or rate o« wen production, 
or substantially increasing the cost or complexity d the 
con^sletlon d the wetbore. Significantly, the present in- 
vention allows the operations d ranning a tateral finer, 
sealing a lateral liner, and plastically deforming a tateral 
rsMT tobe aooomplished in a single downhda trp. The 
apparatus and methods d the present invention are 
economical to manufacture and use in a variety d down- 
hole appfications. 

I00S6] The present invention Is iBustraled herein by 
example, and various modTicaUons may be made by a 
person d ordinary sIdO in the art. f=or example, numer- 
ous geometries and^or relative cfimensions could be al- 
tered to accommodate specTic applications d the 
present invention. As another example, atthou^ the 
present invention has been described in connection with 
the convleiion d a junction between a main weHbore 



and a tateral weObore in a multiiateral well, it is luOy ap- 
plicable to the oonpfetion d a junction behween a laleral 
wa»x>re and a second latoral weObore extending from 
the lateral wefibore. to completion operations peifonned 
5 n Other portions da tateral welbore Other than such a 
junction, to complelion operations pertoimed in other 
portions d a mam welbore, to casing repair operations, 
or to window closures. 

[0057] It is thus believed that the operation and con- 
10 stfuction d the present invention will be apparent from 
the foregoing description. Whilo the method and appa- 
ratus shownorde8Cft)ed has been characterized as ba- 
ng preferred It wiB be obvious that various changes and 
modiTications may be mads. 

rs 

Claims 

1. Aoonr^letionapparatusforoouplingloaworit string 
20 (128) and tor use within a liner (122) d a weObore, 

corrprising: a first packing assembly (202) lor cre- 
ating a nuid tight seal against the finer (122); a sec- 
ond paciung assembly (204) lor creating a second 
fluid tight seal against the liner (122); and a pres- 
25 eurizalion assembly (206) disposed between ttie 
first and second packing assemblies (202.204). 

2. A completion apparatus aococxSing to cbbn 1, 
whereh the pressurization assembly (206) com- 

30 prises a port (256a.256b) opening to an annulus 
(146) defined by the pressuriiation assembly (206). 
the l«er ( 1 22), the first packing assembly (202). and 
the second packing assembly (204). 

as 3. A oomi^etion apparatus aoooRfing to claim 2. fur- 
ther ooR^Hising a (luU bypass device opeiaUvely 
coupled with the port (2S6a.2S6b) for nd aBowing 
fluU oommunicatton wHh the annulus (1 46) in a first 
mode d operatkxx and for aflowing hydraulic pres- 

40 surizalMsnd the annulus (146) in a second mode d 
operatkxi. 

4. A completion apparatus according to daim 3, 
wherein the pressurization assembly (206) oom- 
45 prfse&aseoondport(264a;264b)andaseatingsub 
(2S4) operatively coupled witii the second port 
(264a.264b) for relievbtg pressure in the annulus 
(146) when the first and second packing assemOes 
(202.204) are sealed against the Gner (122). 

60 

6. A completion apparatus according to ctaim 3 or 4. 
wherein the hydraufic pressurization d the annulus 
(146) causes a portkn d the Cner (122) between 
the first packing assembly (202) and the seoorxl 
65 packkig assembly (204) to defomn in a radially out- 
ward direction. 

6. A completion apparatus according to daim a 4 or 
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S, whoroin the fluid bypass dovico comprises a nip- 
ture disk (262a, 262b). 

7. A completion apparatus according to any preceding 
dalm. wtierein the linef (122) is adapted to be dis- 
posed within a junction (1(X)) between a main wefl- 
bore (102) anda lateral wsHbore (104) in a mumtai- 
eraJwen. 

& A oomptetion apparatus according 10 any preceding 
dalm. whereh the lirsi and second packing assem- 
blies (202.204) comprise seal assemblies that male 
with polished bore receptacles (144) k>caled h the 
liner (122). 

9. Acompletkan apparatus aocoiding to any precedino 
daim, wherein the Sfst and second paddng assem- 
blies (202^) comprise packers. 

ia Acomptotion apparatus according k> any preceding 
daim. wherein at least a portion of the liner (122) 
has grooved internal and external surfaces. 

11 . A completion apparatus according to any preceding 
dalm, wherein at least a portion of the liner (122) 
has an interior cross-section made from a generally 
non*«lastomeric material, and an exterior cross* 
section made from a generaHy elastomaric material. 

12. A completion apparatus according to any preceding 
dakn, wherein the weObore is a lateral weflbore 
(104). 

13. A me1t>od of completing a welbore. comprising the 
Steps of: disposing a liner (1 22) in a welbore; cou- 
pling a arst packing assembly (202). a pressuriza- 
tion assen^ly (206). and a second packing assem- 
bly (204) to a work string (126): ninntng the work 
string (1 28) into the Uner (1 22); creating a fluM tight 
seal between the first packing assembly (202) and 
the liner (122): creating a fluid tight seal between 
the second packing assembly (204) and the finer 
(122); pumping fluU down the work string to the 
pressurtzatnn aaAmvMf (206); utIHzing the pree- 
aurlzation assambly (208) and the fluU to prassu- 
rtza an annulus (146) defnedby the pressurlzation 
assemMy ^). the mer (1 22). the fifst packing as- 
sembly (202). and the second packing assembly 
(204); and increasing a pressure in the armukis 
(146) so as lo delomn the Bner (122) in a ladiaDy 
outward direct ton. 

14. A method according to daim 1 a wherein the ubfiz- 
ing step comprises actuating a fluid bypass devk:a 
in the preseurization assembly (206) to provkie a 
flukJ communicating path between an interior ot the 
pressurizatton assembly (206) and the annulus 
(146). 



15. A nr>ethod according to daim 13 or 14, wherein the 
first and second packing assemfaBes (202,204) 
comprise seal assemblies that mate with polished 
bore receptacles (144) k)caied in the finer (122). 

5 

16. Amethodaooordingtodaimia. 14or 15.wherein 
the first end second packing assemblies (202,204) 
comprise packers. 

10 17. A method according to daim 13, 14. 15 or 16. 
wherein at least a poitksn of the iner (122) has 
grooved internal and external surfaces. 

ia Amethodaooordbgloanyoneof datms 13tol7, 
15 further comprising the step of Hukly seafing the 
work ttring(12e)pfo(imata the first pocking assern- 
bly(202). 

10. Amethodaoxxcfingtoanyoneof daims l3to 16. 
to wherein the step o((£8po6ing the Kner (122) com- 
prises: ooupltng the finer (1 22) to an end of tfie work 
string (128); and running the wodc string (128) into 
Itiewellbore. 

25 20. A method accorcfing to daim 19. further corrprising 
the step d disposing a sealant (124) in a second 
annuKis defined by the Hher (1 22) and the weflbore. 

21. A method aocon^ to daim 20 wherein the step of 
30 disposing sealant (124) comprises pumping sealant 

through the wort( string (128). the second pacldng 
assembly (204). the pressurizatton assembly (206). 
the first packing assembly (202). and the liner (122). 
and kito the second annuhis. 

9$ 

22. A method according to any one of dakns 13 to 21. 
wherein at least a portkm d the liner (122) has an 
intenor cross-sedton made freni a generally non- 
elastameric naterial. and an exterior ciosa-«ectk)n 

40 made from a generally olastameric material 

23. A method according to any ona of claims 13 10 22. 
wherein the disposing step corrtprises dspoeing the 
finer (122) in a Jundton (100) between amain weO- 

45 bore (102) and a tateral wdbore (104). 

24. A method according to daim 23. whereki the nm- 
ning step comprises running the work string (128) 
into the Uner (122) until the first packing assembly 

so (202) is (fisposed after the junction (100) and the 
second paddng assembly (204) is disposed before 
the junction (100). 

25. A method d completing a wemxxe. comprising the 
ss steps of: <fi8po6ffig a Gner (602) in a weflbore. the 

Gner (602) having a first sedion (604) and a second 
sedton (606). the first sedkm (604) being deform- 
able in a racSaSy outward dirednn at a lower pres- 
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sure than the sooond section (606); coupling a 
packing OMombly (600) to a wodc strir^g (128); nin- 
ning the vMortc string (128) into the Ihor (128); ere- 
alhg a fluid tigM teaJ Iwtweon the packing assam- 
bJy and the Iner (602); pumping fluid downttio work 
stfing (128) to pfo&surize an interior of tho finer 
(602) after the packing assembly (600); and in- 
creasng a pressure in the interior of the liner (602) 
so as to deform the first sodkm (604) of the liner 
(602) in a radially outward dtrectbn. 

26. A method aocording to claim 25. therein the first 
sectkm (604) and the second section (604) are 
made from an identical casing grade, and the first 
•ectkm (604) has a smaler wall thlcknass than the 

second section. 

27. A method acconfing to claim 25. wherein the first 
section and (he second section (604,606) have en 

. klenUcal wall thickness, the first section (604) is 
made from a first casing grade, and the second sec- 
tkxi (606) is made from a second casing grade hav- 
^ a yIekJ strength higher than the first casing 
grade. 

2a A method aooorcfing to claim 25. wheretm the first 
sectton (604) is made from a first casing grade and 
has a first wal ihkHcness; and the second sedton 
(606) is made from a second casng grade having 
a hi^ yield strength than the firsi casing grade, 
and the second sectton (606) has a second wail 
thickness greater than the first wan thickness. 

20. A method according to any one ddaims 25 to 28, 
wherein the pacicing assembly (600) comprises a 
seal asseniify that males with a poQshed bore re- 
ceptacto (610) tocated in (he finer (600). 

30. A method according to any one of claims 25 to 29. 
wherein the packing assembly (602) comprises a 

packer. 

31. A method according to any one ci dalms 25 to 30. 
wherein at least a portion of the first sectkxi (604) 
of the finer (602) has grooved Internal and external 
surfaces. 

32. Amethodacooftfingtoanyoneoldafns25to31. 
whereoi the stop d disposing the Inter (602) com- 
prises; coupftngtheliner(602)toanendofthewortc 
string (128): and running the worit siring (128) into 
the weBbore. 

33. A method according to any one of daims 25 to 32, 
further comprising the step o< disposing a sealant 
(124) in an annuhis defined by the liner (602) and 
the weHbore. 



34. A method according to daim 33, wherein the stop 
of dtspoelng sealant ( 1 24) comprises pumping seal- 
ant through the woric string (128), the packing as- 
sen^ly (600). and (he finer (602). and into (ha an- 

5 ruihjs. 

35. A method according to any one of claims 25 lo 34. 
wheren the first sectkxi (604) has an interior cross- 
section nr^ado trom a generally non-elastomeric ma- 

to (eriaL and an exterior cross-sedjon made from a 
generally etastomeric material 

36. A method according to any one of dafrns 25 to 35. 
wherein the disposing step comprises disposing the 

15 iner (602) ma function (102) between a main wefi- 
bore (102) and a lateral weObore (104) so that the 
first sedkm (604) extends throughout Ihe iunctkm 
000). 

20 37. A method aooording to claim 36. wherein the run- 
ning step comprises nmning the work string (128) 
Mo the liner (602) unta the paddng assembly (600) 
is disposed before the )undk)n (600). 
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